Objectives: In order to assess the prevalence of surgical site infections (SSIs) before and after the implementation of a multimodal infection control programme including the realization of a campaign to increase compliance with guidelines for antimicrobial prophylaxis, we designed and conducted the present study involving all 20 of the surgical departments of a large teaching hospital in Catania, Italy.
Introduction
The surveillance of healthcare-associated infections (HAIs) is an important and recommended component of a comprehensive infection prevention and control programme, and has been widely accepted as a primary step toward patient safety. 1 Surgical site infections (SSIs) remain a major issue of patient safety despite improvements in surgical practice and infection control techniques. SSIs are an important target for the surveillance of HAIs, which is an official priority in several European countries. 2 Besides, identifying indicators of SSI risk at the hospital level has the potential to help redirect resources to decrease the impact of SSIs, 3 although current surveillance methods are so resource-intensive that many hospitals are able to monitor only selected procedures.
The widespread use of antimicrobials has been linked to the development of bacterial resistance, which is responsible for increases in morbidity, mortality, hospital stay duration and healthcare costs associated with untreatable infections. 4 Antibiotic guidelines are crucial in high-risk settings, and policy makers should develop evidence-based guidelines to effectively improve prescription quality and reduce costly and unsafe antibiotic consumption. 5 Even though the principles of antimicrobial prophylaxis in surgery are clearly established and several guidelines have been published in order to prevent SSIs, the implementation of these guidelines is difficult among surgeons and failure to comply with the standard of care has been widely reported. 6, 7 We have designed and conducted the present study, involving all 20 surgical departments of a large teaching hospital in Catania, Italy, in order to assess: (i) the prevalence of SSIs before and after the implementation of a multimodal infection control programme including the realization of a campaign to increase the compliance with guidelines for antimicrobial prophylaxis; and (ii) the SSI-associated risk factors.
Patients and methods

Setting
The study was conducted at the Azienda Ospedaliero-Universitaria Policlinico -Vittorio Emanuele, Catania, Italy, a 1200 bed tertiary care centre. All 20 surgical departments were included in the 1 year study involving repeated SSI prevalence surveys. The study protocol was approved by the involved institutions.
Methods of surveillance
The rate of SSIs was recorded in subsequent time-interval prevalence surveys. The study consisted of a pilot investigation followed by four 1 day SSI point-prevalence surveys, with a 3 month interval between investigations, using the Hospital in Europe Link for Infection Control through Surveillance (HELICS) protocol. 8 Specifically, investigations were conducted in January, April, July and October 2005. The pilot investigation was conducted in December 2004 in one surgical department, in order to assess the overall feasibility of the surveillance programme, to further refine the protocol and the data collection tool, and to determine the necessary time and resources for those participating in the surveillance (data not shown). All surgical departments were then included in each of the four 1 day SSI point-prevalence surveys. SSIs were defined according to the standard definitions of the HELICS project. 2 Data collection was performed by infection control nurses and by university epidemiologists specifically trained for the surveillance survey, and for each department was completed within 1 day. Data were recorded on a standard data collection form during a visit to each department. Multiple data sources were used: case files, nursing documentation, operative procedure records, microbiology laboratory records and questionnaires on wound status. During working days, the team conducted rounds at each of the departments. On these rounds, admissions, discharges, total number of patients who were present, and clinical and microbiological data on suspected infections were recorded.
The SSI prevalence was calculated as the number of SSIs per 100 operative procedures and per 100 surgical patients.
Infection control measures
At the end of the first 1 day HAI point-prevalence survey, in January, an appropriate bundle of infection control measures was discussed involving the active commitment of surgeons and infection control staff; this was strengthened or newly introduced and implemented throughout the subsequent 9 month period (February -October).
Specifically, an educational programme was implemented, including the organization of seminars, feedback events and quality circles for surgeons, and the dissemination of guidelines, posters and leaflets. Other multidisciplinary approaches were introduced, such as a review of all healthcare procedures, the training of staff in correct handwashing techniques, the introduction of alcohol-based antiseptic gel, the enhanced cleaning and disinfection of medical equipment, and the use of singlepatient medical instruments. Furthermore, the application, timing and documentation of antibiotic prophylaxis was also improved by means of a specific campaign to increase the compliance with national guidelines, including the production of posters, leaflets and brochures providing the salient information. This literature was distributed to a wide audience of surgeons attending appropriate events, such as seminars and workshops.
Adherence to guidelines for antibiotic prophylaxis
For each surgical procedure included in the four surveys, the compliance of the current prophylactic antibiotic practices with the published national guidelines was assessed. 9, 10 The following aspects of prophylaxis were examined: the indication, i.e. appropriate decision-making regarding the use or non-use of antimicrobial prophylaxis, and the timing of administration. In general, the timing of antibiotic prophylaxis is considered to be optimal if the antibiotic is administered between 30 and 60 min before incision.
Specifically, the administration of an antibiotic and its timing were targeted: the administration of an antibiotic when not indicated and/or when the timing of the administration was not concordant with the guidelines led to a final assessment of 'discordance' between the recommendations and actual practice.
Furthermore, since in the national guidelines surgical procedures related to the eyes and transplantation of organs were not included, they were not considered in our analysis.
Statistical analysis
The data were entered into a database and analysed using the SPSS 14.0 statistical package and Intercooled Stata, v. 9.0.
In order to assess SSI-associated risk factors, a case-control study was designed. Case patients were those with SSI, while control patients were those without SSI. The patients' characteristics and the variables examined are listed in Table 1 . The percentile distribution of age was computed, and the 25th and 75th percentile values were chosen as cut-off points. The association of all these variables with the occurrence of SSI and with the 1 day SSI point-prevalence survey date was assessed using the x 2 test. A P value ≤0.05 was considered statistically significant. To measure the association level, the crude OR and the corresponding 95% CI were calculated. Multivariate logistic regression was applied to obtain the adjusted OR with the respective 95% CI. Variables tested for inclusion in the multivariate model were those significantly associated with SSIs at P≤0.05 in the univariate analysis.
Results
Patients
All 20 surgical departments of the hospital were included in the study.
A total of 600 patients received surgical treatment and a total of 634 surgical procedures were performed. A summary of surgical patients' characteristics and of the invasive device usage in the four surveys is shown in Table 1 . The mean age of the surgical patients enrolled in the four prevalence surveys was 49.2+21.2 years, which was not statistically different among the four 1 day point-prevalence investigations (data not shown); the 25th and 75th percentiles of age distribution were 31 and 67 years, respectively. Of the enrolled patients, 48.9% underwent a clean surgical operation, 33.8% a cleancontaminated operation and 17.3% a dirty operation. In general, the characteristics of the enrolled patients were not statistically different among the four investigations, except for the percentage of patients with drainage (P ¼0.03), the type of Barchitta et al.
operation (elective or emergency) (P ¼ 0.003) and the wound contamination class (P¼ 0.000).
Antibiotic prophylaxis
Antibiotics were administered perioperatively in 69.1% of surgical procedures. Specifically, during the four surveys, antibiotics were administered pre-operatively in 55.4% of procedures, during operation in 7.6% and post-operatively in 37.0% of surgical procedures.
The most frequently prescribed categories of antibiotics were penicillins (52.8%) and cephalosporins (33.2%). The single drug that was used most frequently was ampicillin/sulbactam (14.5%). The antimicrobials that were used are summarized in Table 2 . Following recommendations reported in the national guidelines, antibiotic prophylaxis was indicated in 71.8% of surgical procedures performed in the four surveys, was not indicated in 25.4% and in the remaining 2.8% was based on surgeon decision.
Thus, taking into account the indication and the timing of administration, in the four surveys antibiotic prophylaxis was administered inappropriately in 55.3% of surgical procedures. Therefore, the compliance of current prophylactic antibiotic practices with the national guidelines was of 44.7%. A before-and-after study for SSI control 751 JAC Furthermore, compliance with the national guidelines differed among the four investigations (Table 1) . Particularly, noncompliance increased in the first three surveys and decreased in the last one (P ¼ 0.002).
Infections
During the study a total of 61 SSIs were identified involving 61 different patients. The SSI prevalence in the four surveys was, respectively, 16.4, 11.3, 5.7 and 8.2 per 100 surgical patients (Table 3) Patients' characteristics in relation to the occurrence of SSIs are reported in Table 3 . Considering the results of all four surveys, the SSI prevalence increased with age, and was 10.7% (OR ¼3.09, 95% CI ¼ 1.26-7.58) for patients aged between the 25th and 75th percentiles of age distribution (i.e. 31 -67 years), and 16.8% (OR¼ 5.21, 95% CI ¼ 2.06-13.15) for patients aged .67 years.
In univariate analysis, we identified age .31 years, diabetes, bronchial diseases, kidney insufficiency, presence of drainage, infection at admission (i.e. infection existing on the day the patient was admitted to the ward) and emergency operation as significant risk factors for SSI development.
However, in multivariate analysis, only age .31 years and particularly .67 years, kidney insufficiency, and infection at admission were confirmed as significant risk factors for SSI (Table 4) .
Discussion
The surveillance of HAIs has been reported to contribute to their prevention, which is essential to improve patient safety, and prospective surveillance has become a standard procedure, even though ongoing surveillance for incidence data is extremely time-consuming and costly. Compared with incidence surveillance, prevalence surveys can be performed more rapidly on a large scale and are less expensive. Although repeated prevalence surveys may be useful for documenting secular trends in HAIs, their effectiveness has not often been assessed. 11 -13 In our study, four point-prevalence investigations were performed in all surgical departments of the hospital, with a 3 month interval A before-and-after study for SSI control 753 JAC between each of them, to analyse the trend of SSI rates in the hospital before and after the implementation of a multimodal infection control programme. In agreement with previous studies, 14,15 a significant trend to a reduced SSI rate (from 16.4 per 100 surgical patients to 8.2 per 100 patients) was observed during the study period.
Although we cannot definitely demonstrate that the observed decrease in SSI rates over time was due to the efficacy of the surveillance itself and/or to the infection control programme implemented at the end of the first survey, there is good evidence that attention to multiple patient-related and procedure-related risk factors leads to a decrease in the SSI risk in different clinical settings during follow-up periods. 15, 16 Furthermore, the surveillance of SSIs and feedback to surgeons have been shown to be effective components of strategies to reduce the SSI risk. 15, 17 Despite relevant factors, such as percentage of patients with drainage, type of operation (elective or emergency), and wound contamination class, being shown to be significantly different between surveys, they were not associated with the SSI risk after multivariate analysis, confirming recently published results. 18 Moreover, the proportion of 'dirty' interventions, which are supposedly at increased risk of infection, was even higher in the fourth survey compared with the first survey.
A number of patient-related and procedure-related factors have been reported to influence the risk of SSI, including older age and pre-existing infection. 15, 17 In our study, three risk factors, already well known in the literature, were shown to be associated with increased SSI risk: older age, kidney insufficiency and infection at admission. This confirms results that highlight the role of patient-related factors rather than procedure-related factors in SSI risk. 19 Inappropriate antimicrobial prophylaxis, such as inappropriate administration of the antimicrobial agent or timing, can increase the prevalence of multiresistant strains, prolong hospital stay and negatively affect the institution's budget. 20 Furthermore, the effectiveness of antimicrobial prophylaxis for reducing the risk of post-operative infections for many procedures has been demonstrated in parallel with other control measures. 21 Despite this, different surveys have shown that in many hospitals optimal practice is not achieved. 6, 22 Our study demonstrates that adherence to the national guidelines for antimicrobial prophylaxis is inadequate; in fact, prophylaxis was appropriately administered in only 44.7% of surgical procedures. However, in our study the compliance rate of surgeons was in the range reported in previous studies. 6, 23 Notably, prior to the implementation of the specific campaign to increase the compliance with national guidelines, in the surgical departments there was no standard protocol for antimicrobial prophylaxis based on the national guidelines.
In our study, rates of non-compliance significantly increased in the first three surveys then decreased in the last one. Thus, except for the last survey, it seems that compliance before the implementation of the infection control programme was higher than after the implementation of the programme. A recent study 7 reports that intervention does not improve compliance with the antibiotic prophylaxis guidelines. In any case, it is difficult to establish if the improvement in compliance in the last survey was caused by the intervention programme, and controlled before-and-after studies are required to demonstrate the effectiveness of the intervention programme in increasing the compliance with national guidelines for antimicrobial prophylaxis.
However, our study had some limitations involving various findings, which should be interpreted with caution. First, our study was a prevalence study and cross-sectional bias may have occurred. SSIs were not identified prospectively, so followup was not complete and the SSI incidence may have been underestimated. Furthermore, our study allowed us to identify overall compliance with antibiotic prophylaxis guidelines and was not designed to determine the individual contribution of each surgical antimicrobial prophylaxis parameter to the SSI risk. Notably, in some studies, the only inappropriate practice associated with a higher SSI risk was the duration of antibiotic prophylaxis, which was not considered in our study, and no significant relationships were observed between the SSI risk and the other surgical antibiotic prophylaxis parameters. 6, 24 Besides, since a standard package of interventions was performed at each department, the effectiveness of the interventions could not be assessed individually in each department. It has been reported that interventions to improve poor compliance with infection prevention guidelines must be multifaceted, and hospital-and service-specific. 23 Lastly, although the infection validation was performed by infection control nurses and by university epidemiologists specifically trained for the surveillance study, inter-rater reliability validation exercises were not undertaken during the surveys to measure the consistency of data collection between the data collectors, and this can be seen as a source of bias.
In conclusion, the approach used in this study remains a feasible method of evaluating the burden of SSIs, which has been shown to be easily measurable through repeated prevalence surveys. In our study, we demonstrated a significant decreasing trend in the SSI rate following surveillance and a multimodal infection control programme discussed and shared with all the staff. Besides, we were able to identify patients at higher risk of infection, as a baseline to address future control policies. Furthermore, our study underlines the need to develop evidence-based guidelines by the integration of new practices (provided by clinical studies and meta-analyses, and by local hospital evidence based on specific bacterial epidemiology patterns and surgeon preference) into existing reliable routines. Collaboration with surgeons, to achieve consensus before guideline implementation in order to improve compliance with antimicrobial prophylaxis practices will be critical to finally decrease SSI rates.
